Objective: To describe the demographics and outcome of patients with candidal vertebral osteomyelitis (CVO). CVO is a rare and frequently misdiagnosed condition. It may lead to destruction of the vertebral bodies, spinal cord compression and neurological deficits. Methods: The medical records of all patients diagnosed with CVO at our institution between 01/01/1990-12/31/2009 were reviewed. The cumulative probability of treatment success was assessed by the Kaplan-Meier survival method. Patients were followed until death, failure, or loss of follow-up. Results: Nine patients developed CVO during the 20 year study period. The cervical spine was involved in 5 cases. Seven patients presented with mechanical-type pain, while 2 patients had an elevated temperature at diagnosis. A contiguous infection between the upper airways and the cervical spine was present in 4 patients. One patient presented with concomitant candidemia. Candida albicans, Candida parapsilosis, and Candida glabrata were cultured in 3 of 9 cases respectively. Eight of 9 were treated with azole-based therapy. Patients were followed for an average of 20 months (range 1 -75 months). The cumulative incidence of success was 66% ± 19% at 1 year and 55% ± 20% at 2 years of follow-up. Conclusions: CVO presents insidiously and is associated with a long duration of symptoms. It most frequently affects the cervical spine and is associated with a poor outcome.
Introduction
Candida vertebral osteomyelitis is a rare and frequently misdiagnosed condition. Since 1970, the number of cases reported in the literature has increased, likely due to the increase in the number of immunocompromised patients [1] . CVO often presents with non-specific physical examination findings. When diagnosed early, CVO is associated with an 85% cure rate [1] . If diagnosed in later stages, destruction of the vertebral bodies and the resultant bony and epidural abscess cause compression of the spinal cord potentially leading to neurological deficits [1] . The insidious nature of the disease progression, the non-specific clinical signs and laboratory values and the failure to appreciate Candida species as potential pathogens are all likely reasons behind the delay in the diagnosis [2] .
Candida species are a group of fungal organisms that are part of the normal human microbiological flora. Infection occurs when host defenses are suppressed and Candida becomes an opportunistic pathogen [3] . There are 150 species of Candida that can cause disease in animals and humans. They are saprophytic organisms that can be cultured from the skin and mucosal membranes of the body. Infections caused by these organisms involve the skin and soft tissues, rarely the bones and joints. The skeletal system may become involved with Candida spp as a result of hematogenous spread from soft tissue abscesses or seeding from a distant infectious focus [3] . This organism commonly localizes to the vertebra or the sternum [3] . Candida spp accounts for the most common fungal etiology of vertebral osteomyelitis. A review of the literature conducted by Miller et al reported that patients with CVO typically undergo prolonged treatment ranging from 1 week to 4 months in duration. Treatment includes the use antifungal therapies such as amphotericin B or azoles. Surgical debridement and spinal stabilization may be required in a subgroup of patients recalcitrant to medical treatment [4] .
The presentation of a patient with CVO to our institu- 
Materials and Methods

Patients
The study was approved by our institutional review board (IRB# 10-002361). We retrospectively evaluated the clinical and diagnostic findings, treatment and outcomes of 9 patients with CVO. We reviewed all cases of spine infection (vertebral osteomyelitis, discitis, epidural abscesses) in patients seen at the Mayo Clinic Rochester between 1/1/1990 and 12/31/2009 by searching the Mayo Clinic microbiological databases for positive spine cultures for Candida spp. Patients 18 years or older with positive candidal cultures from the vertebral body, intervertebral disc or paraspinal fluid were included in the study. Cases of CVO and discitis were defined as a consistent clinical picture, compatible radiological findings, and positive bone, disc or paraspinal fluid cultures for candida. This search identified 9 patients, 6 of whom were male and 3 female. Both monomicrobial and polymicrobial infections containing Candida spp were included in this study. Medical and surgical diagnostic approaches and therapies were not standardized and were performed at the discretion of the treating physicians. We collected clinical data (laboratory values, radiographic findings, histopathology results) and the clinical outcome at the time of last follow up. Data collection was standardized by using a coded data collection instrument. A Kaplan Meier survival curve was used to depict outcomes amongst the cohort patients. A positive outcome was defined as a resolution of symptomology with a negative work-up for relapse of vertebral osteomyelitis due to candida. A negative outcome was defined as microbiological relapse, radiological relapse, return of symptomology or loss of follow-up or death.
Literature Review
We conducted a MEDLINE search of the English literature from 1970 to 2010 and a bibliographic search of published articles to identify cases of candidal vertebral osteomyelitis. Keywords used included candida vertebral osteomyelitis, discitis, epidural abscess and spondylodiscitis. We reviewed all data available including clinical presentation, diagnostic techniques, therapeutic approaches and patient outcomes. To identify the cases as CVO or discitis we required clinical suspicion of vertebral osteomyelitis/discitis with a positive candidal culture from a spinal biopsy. Similar to the cohort patients, the data collection was standardized using a coded data collection instrument.
Results
Patient Cohort
In our patient cohort, the average age of diagnosis was 57 years of age ( Table 1) . Two patients had a previous history of osteomyelitis occurring in the cervical spine and in association with contamination of spinal instrumentation. On average, our CVO patients had 5 documented co-morbid conditions. Prior endovascular infections were observed in 3 patients. One of the 3 individuals with a line-related infection grew Candida spp and a second patient grew yeast of unspecified species, resulting in two patients with a known prior candidemia. One of these patients developed CVO as a result of the candidemia. Five out of the 9 patients were on antimicrobial therapy within 2 weeks of their CVO diagnosis. Lastly, 6 patients presented with a polymicrobial infection and 3 presented with a mono-candidal infection.
Four of the 9 patients presented with mechanical-type back pain and 2 patients with mechanical neck pain. Two patients presented with radicular type pain, one with both radicular and mechanical pain and 5 had sinus tract formation around the infected vertebral bodies. Neurological symptoms secondary to CVO were found in 3 patients; one experienced weakness of the upper and lower extremities bilaterally, one patient experienced decreased sensation on the left side of the body and one patient had documented hyperreflexia and positive Babinski signs bilaterally with no motor weakness noted on exam. The average duration of symptoms to the time of diagnosis was 4.8 months. Two patients were febrile at presentation. Five patients had evidence of a fistulous connection between the gastrointestinal tract and the spinal column. Six patients presented with multi-level vertebral body and/or disc involvement. Six patients displayed radiologic findings of extra-spinal manifestations of infection. These findings included paraspinal abscesses, epidural abscesses, and psoas muscle involvement. The average erythrocyte sedimentation rate at diagnosis was 62.25 mm/h (range 24 mm/h to 92 mm/h). The average white blood cell count was 8.3625 × 10 9 /L (range 5.8 × 0 9 /L to 21.2 × 10 9 /L) and the average C-reactive protein 1 was 11.2 mg/L (range 14.7 to 28.3) [2] .
Eight patients underwent surgery. The indications included correction of neurological deficits, spinal instability, debridement of spinal instrumentation, persistent pain, drainage of abscesses and correction of gastrointestinal fistulas. Bone grafts were placed in 4 patients. On average, patients received medical therapy for 16.6 weeks (range 16 days to 53 weeks). Among those patients with a good outcome the average duration of treatment was 24 weeks with 2 patients on chronic oral suppression.
Therapy was effective in 5 patients with documented follow up. During the course of follow-up, 1 patient had enhancement of an epidural abscess on MRI and 6 out of the 9 patients had persistent pain requiring the use of analgesics. After 1 year and 2 years of follow up, 66% and 55% had a successful outcome respectively ( Figure  1) . Of the patients with negative outcomes, 1 patient was lost to follow-up and 2 patients died. Following a course of antifungal therapy and surgery, 1 patient relapsed with positive paraspinal cultures.
Literature Review
Our review of the English literature revealed 104 cases of CVO. The average age at diagnosis of CVO was 53.9 years of age. Thirty five percent of patients had priorcandidemia and 30% of patients had an indwelling central venous catheter. Fifty one percent of patients had documented prior antimicrobial use and 10.5% of patients were on systemic steroids. Sixty-eight percent of patients were immunocompromised.
Seventeen percent of patients presented with fever and another 17% presented with neurological symptoms. Forty-one percent of the documented cases affected the lumbar spine, 28% the thoracic spine, 6.3% the cervical spine, and 12% had multiple involvement. Fifteen percent of patients had epidural abscesses, 42% presented with an elevated erythrocyte sedimentation rate, 14% patients had a known elevated C-reactive protein and 6.7% had an elevated white blood cell count. Thirty-six patients had a documented candidemia . Fortythree percent of CVO cases were due to Candida albicans. C. tropicalis and C glabrata caused CVO in 12.5% and 5.7% of cases respectively. C. parapsilosis. C. krusei, C. paratropicalis, C. hyphae, and C. pseudotropicalis were rarely associated with CVO. Seventy-five percent of patients had a successful outcome [30] . The average duration of medical therapy in the literature was 17.6 weeks. In those patients who were cured of the disease, the average duration of known treatment was 19.8 weeks.
The average duration of follow up for the documented cases was 13.3 months.
Discussion
The purpose of this study was to analyze the clinical features and outcomes of patients with candida vertebral osteomyelitis (CVO) seen at our institution and to review the literature on this topic.
Similarities in clinical presentation and natural history of the disease were observed between the two groups. Physical exam findings in our cohort tended to be nonspecific, consisting of chronic insidious mechanical back pain, coupled with radicular manifestations. Our findings are consistent with a review of the published literature performed in 2001 describing 59 cases of CVO. In this study, 95% of the reported cases had thoracic and lumbosacral disease involvement. Eighty three percent had symptoms of back pain, 32% had fever and 19% had neurological defects [4] . Other similarities observed between our patient cohort and the literature patients included an elevated erythrocyte sedimentation rate and c-reactive protein at presentation and normal white blood cell count [3, 31] . The majority of patients were afebrile at presentation. Lastly, the main organism isolated from diagnostic spinal biopsies was Candida albicans. These results are consistent with a review of the literature by Miller et al that identified Candida albicans as the causative agent in the majority of CVO cases (62% of patients).
Similarities between the literature and our cohort demonstrated that CVO often occurs in immunocompromised patients [4] [5] [6] [7] [8] [9] [10] [11] [31] [32] [33] [34] [35] [36] . The main co-morbid conditions identified in both the literature review and our cohort were diabetes mellitus, malignancies and prior surgeries involving upper airways or the esophagus. These findings suggest that patients presenting with indolent, persistent, back pain and who have received radiation or chemotherapy for upper airway or esophageal malignancies, should be evaluated for the possibility of CVO [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Several differences were also identified between our cohort and the literature review. CVO is typically the result of hematogenous seeding of the vertebral bodies from a prior candidemia caused by contamination of an indwelling catheter or inoculation into the blood by injectable drugs [3] . In contrast, our cohort demonstrated several examples of direct contiguous spread from gastrointestinal or upper airway fistulous connections with the spine. As indicated in the results section of this article, several of our patients had persistent esophageal or other upper gastrointestinal-cutaneous fistulas. These fistulas were caused by prior nasopharyngeal carcinoma, previous surgeries to the area and prior radiation therapy. Although the literature describes the lumbar spine as the most common level affected, the majority of our patients had cervical spine involvement; a finding due to fistulous tract formation between the pharyngeal structures and the cervical spine, thought to be secondary to radiation and oncologic surgical treatment [1] . Lastly, in our cohort most patients with CVO were not candidemic suggesting a contiguous source of infection.
The most common diagnostic techniques used in the detection of CVO were MRI followed by CT-guided biopsy and surgical biopsy. Radiological findings tend to be non-specific and are very similar to vertebral osteomyelitis caused by other microorganisms [3] . According to Williams et al, typical MRI findings for CVO can be seen in both T1 and T2 weighted images as an absence of disc hypersensitivity with preservation of the internuclear cleft on T2-weighted images [33] . Other non-specific findings may demonstrate progressive destruction of the vertebral bodies, irregular definition of the end plates with narrowing of the disc space and several lesions in the bones with no bone marrow involvement ( Figures  2-4) [2, 4, 41] . As noted in the results section, extension of the CVO infection to the epidural, paraspinal space, or to the psoas muscle was observed in several patients; the most common extra-vertebral manifestation of infection was epidural abscess. This result was also noted in the literature patients [2, 5, 68, 17, 24, 27, 32, 34, 37, 39, 41, 61, 62] . Therefore, it is important to recognize the possibility of extraspinal manifestations of infection when considering treatment options.
As specified in Table 1 , patients with CVO are treated with a combination of antifungal therapy and surgical debridement and/or stabilization. This strategy is associated with the highest cure rate in the literature and in our cohort. Azole-based therapy or Amphotericin-based antifungal therapy is the treatment of choice in both groups. All of our patients with successful outcomes were treated with azole therapy as the only anti-fungal medication. Current treatment recommendations published by the Infectious Diseases Society of America (IDSA) suggest fluconazole 400 mg (6 mg/kg) daily for 6 -12 months or lipid formulation amphotericin B, 3 -5 mg/kg daily for several weeks, then fluconazole for 6 -12 months. An alternative therapeutic approach is to use echinocandin or amphotericin B dexoycholate 0.5 -1 mg/kg daily for several weeks followed by fluconazole for 6 -12 months. The IDSA also suggests that surgical intervention is often necessary. Based on the outcomes of our patient cohort and the literature patients, we recommend treating CVO for a minimum of 20 -23 weeks as this was the average length of time that the patients with successful outcomes underwent treatment. Surgical intervention is also recommended when feasible. While fluconazole therapy side-effects include various interactions with other medications, nausea, vomiting, and rare complica-tions such as agranulocytosis, fulminant liver failure and Steven Johnson Syndrome, all of our cohort patients tolerated the medication well. Servalli et al. recommends continuing therapy until the erythrocyte sedimentation rate normalizes [63] .
Compared to the findings of this present study, the literature describes a high percentage of patients with successful outcomes. Our study identified a 55% cumulative incidence of successful outcome after two years of follow up. The discrepancy between the success rate described in the literature and that described in our present study may be explained by the limited duration of follow-up examination in the literature and the propensity for publication bias of successfully treated case reports as well as the difference in the definition of a successful outcome. In these cases there was a 13 month length of follow up duration on average. In our cohort the average duration of follow up was 20 months. The poor outcome seen in our patient cohort may also be explained by the small nature of the study and a biased representation of the larger population of patients with CVO.
The major limitations to our study are inherent to its retrospective nature and small sample size. This is a function of the low incidence of the disease. A review of the literature was conducted for the purpose of analyzing the patient population in its entirety to supplement our small cohort of patients. Since our data was collected from a single tertiary referral medical center there is a potential for a referral bias.
In conclusion, CVO should be suspected in patients with immunosuppression or chronic illness presenting with persistent back pain, decreased range of motion and neurological deficits [4] [5] [6] [7] [8] [9] [10] [11] [31] [32] [33] [34] [35] [36] . Fever is not commonly observed, however an elevated ESR and CRP is common. MRI followed by CT-guided biopsy or an open biopsy are often used to confirm the diagnosis of CVO. Treatment often requires a combination of medical and surgical approaches. Both azoles and Amphotericin B can be used for medical therapy.
